Echocardiography has contributed to the clinical diagnosis of pericardial effusions ever since the latter were quantitatively evaluated according to the sizes and characteristics of their "echo-free spaces".1 It was also postulated that, in some cases, small amounts of pericardial fluid could be detected by echocardiography, even fluid in physiological quantities in normal subjects. Is echocardiography sufficiently sensitive to detect such small amounts of pericardial fluid? Can such small quantities of fluid actually produce images showing several millimetres separation of the epicardium from the pericardium posteriorly, permitting echocardiographic assessments?
The hypothesis that "echo-free spaces" represent pericardial effusions is based on the assumption that a dense, broad, band-like echo behind the posterior wall of the left ventricle is the pericardial echo, and that the curvilinear echo above the "echo-free spaces" is that of the epicardium. The epicardium consists of a single layer of mesothelial cells2; the pericardium is about 1 mm thick. 3 Therefore, it is reasonable to assume that the epicardium alone cannot produce a curvilinear echo and that the pericardium alone is not likely to produce a dense, broad, band-like echo on echocardiography. Furthermore, "echo-free spaces" have not been clearly defined. In asymptomatic persons, inexplicable extra echo spaces are often identified behind the posterior wall of the left ventricle, which may be relatively echo free or even echo Accepted for publication 10 December 1981 dense on comparison with the density of the myocardium. Using an automatic gain control or proper gain damping, however, these spaces usually become echo free. Were we to assume that all such extra echo spaces behind the posterior wall of the left ventricle are the result of pericardial effusions, the frequency of pericardial effusions would appear to be much greater than we know it to be. Furthermore, our experience indicates that in many cases, these extra echo spaces do not correlate with the clinical findings of pericardial effusions, and they fail to respond to treatment during lengthy follow-up studies (Fig. 1) Computerised tomography disclosed fat around the hearts of the 50 patients scanned, accounting for the extra echo spaces on their echocardiograms. The computerised tomography values of these fat deposits varied from -36 to -115, with a mean of -87, clearly distinct from those of pericardial effusions which had positive computerised tomography values from 0 to +40, depending upon the components of the effusions.5 The fat deposits were subepicardial anteriorly in all 50 cases. They were also posteriorly subepicardial in 18 cases. The relatively few cases with posterior rather than anterior subepicardial fat were the result either of a masking effect by the overlying lung or of vigorous movements of the posterior wall of the left ventricle. It did not necessarily indicate that less fat was present posteriorly. The computerised tomography of the 50 patients indicated that six had both pericardial effusions and fat. Imperceptible "pericardial" movement was encountered on the echocardiograms of five of the six, and in six other cases with only fat surrounding their hearts. This suggests that imperceptible "pericardial" movement is not a reliable criterion for diagnosing pericardial effusions.
Posterior subepicardial fat was clearly visible when pericardial effusions were present, but as the effusions resolved, the posteriorly located fat was rendered indistinct for the reasons previously mentioned. Computerised tomography could clearly distinguish fat from effusions, but echocardiography could not clearly differentiate the extra echo spaces caused by the two conditions.
According to Broca's index, seven patients were overweight and two were underweight, but there were no significant correlations between the extra echo spaces and the patients' obesity.
Discussion
Echocardiography has facilitated the diagnosis of pericardial effusions. In 1972, an attractive hypothesis was advanced that the extent of pericardial effusions could be estimated according to the sizes and shapes of their "echo-free spaces".' Though many investigators have tested this hypothesis, reports of follow-up studies of pericardial effusions are unavailable, particularly any with evidence of complete resolution of "echo-free spaces" after treatment. An illustrative case of acute myocarditis with pericardial effusion was reported in the first' but not the subsequent editions of one text.89 Others have reported cases before and after dialysis'" 1 1 and one of tuberculous pericarditis with effusion.'2 Though "echofree spaces" of these cases decreased in extent, they did not resolve completely. Constrictive pericarditis was the only explanation offered for residual "echofree spaces". 12 Horowitz et al. 3 reported anterior "echo-free spaces" despite pericardial fluid in volume of 16 ml or less, confirmed at surgery. They pointed out that anterior "echo-free spaces" caused by pericardial effusions are most unusual. The nature and cause of such "echo-free spaces" have not been explained. One investigator was reluctant to diagnose pericardial effusions in patients with only anterior "echo-free spaces".' 89 A small pericardial effusion, however, often forms anterior to the heart rather than posteriorly because of the effect of gravity on the heart echocardiography and chest radiography shows a shadow surrounding the heart, indicative ofmoderate penicardial effusion (white arrows), much greater in extent anteriorly than posteriorly because ofposterior shift of the heart caused by gravity. The radiolucent zone surrounding the heart is caused by subepicardialfat (black arrows). Since the posteriorly located fat is much greater in extent than the effusion, a greater portion of the posterior extra echo spaces on echocardiography is caused by fat than by effusion. The bilateral pleural effusions detected radiographically were confirmed by computerised tomography (small white arrows). RV, right ventricular cavity; septum, interventricular septum; AMV, anterior mitral valve; endocard, endocardium; EES, extra echo spaces. (Fig. 2, 3, and 4 ). Ideally, echocardiography should detect such a small pericardial effusion.
Posterior "echo-free spaces" are attributed to pericardial effusions based on assumptions that a dense, broad, band-like echo behind the posterior wall of the left ventricle is of pericardial origin, and the curvilinear echo above the "echo-free spaces" is caused by the epicardium. If the former assumption were true, such an echo would not occur with complete absence of the left pericardium. In each of four cases of complete absence of the left pericardium, we observed identical dense broad band-like echoes behind posterior wall of the left ventricle14 (Fig. 5) .
These echoes could not have represented the pericardium. Other investigators have reported similarly. [15] [16] [17] The epicardium consists of a single layer of mesothelial cells only 5 to 6 ,u thick, and it would be unusual for such a thin layer to produce a recognisable echo on echocardiography. There is some connective and areolar tissue beneath the epicardium,2 and the epicardium and this connective tissue apparently play a role in producing the so-called "epicardial echo". The areolar tissue contains varying amounts of fat, blood vessels, and nerves. Anatomically, the thickness of this tissue has not been measured, but radiographically, it is 2 mm thick in 75% of adults.'8 The subepicardial fat can be appreciable in quantity and can mimic cardiomegaly on chest radiography. Chest surgery, however, is necessary to prove the nature of such apparent cardiomegaly. '9 20 Accordingly, it may be assumed that a thick layer of subepicardial fat can produce extra echo spaces on echocardiography. This is supported by results of experimental echocardiography in which two or more linear echoes issued from a strip of myocardium containing subepicardial fat. 21 The first linear echo was said to be of epicardial origin, but the investigators did not speculate about the origin of the later echoes. We believe that the first linear echo originated from the border between the epicardium and areolar tissue. It is followed by an "echo-free space" caused by fat. The second linear echo in the "echo-free space" is attributed to the coronary vessels. The last linear echo is probably the result of the border between areolar tissue and myocardium.
In the present study, differences in computerised tomography values clearly showed that the extra echo spaces were the result of pericardial and/or subepicardial fat, rather than of effusions. Accordingly, the dense broad band-like echo behind the posterior wall of the left ventricle is a fusion echo of the epicardium and subepicardial tissue, the pericardium, and the pleura. [29] [30] [31] [32] [33] The reason for these differences is not clear, but they probably arise from the use of a variety of echocardiographic units of different manufacture, and the various interests of the investigators involved. A very improbable explanation is that Japanese have more fat around their hearts than Americans. Least likely is the possibility that some of our tracings were made too medially to image the posterior wall of the left ventricle, and that the extra echo spaces in the present study were artefacts. When tracings are made too medially, however, the continuity of the mitral valve echoes is lost, and multiple-layer echoes result. In the present study, we took great care in using M-mode scanning from the aorta to the cardiac apex in each case. Therefore, the extra echo spaces observed could not have been caused by artefacts; they are attributed to fat around the heart. The present study correlated the computerised tomography images of pericardial and/or subepicardial fat with the extra echo spaces imaged by echocardiography. There is adequate explanation for the extra echo spaces frequently observed in the asymptomatic patient (Fig. 6) , and the persistent extra echo spaces observed during follow-up studies of success-. fully treated pericardial effusions. Thus, fat around the heart can produce extra echo spaces indistinguishable from those of pericardial effusions. The echocardiographic diagnosis of pericardial effusions is therefore difficult, unless they occur in relatively young patients without appreciable fat posteriorly, or in massive effusions which cause pendulum-like cardiac motion.
Finally, the extra echo spaces caused by fat can outline the space between the epicardium and myocardium, but not the pericardial space which is outlined by pericardial effusions. The extra echo spaces can be either echo dense or echo free; thus the term "echo-free spaces" is confusing. For the benefit of students and those beginning as echocardiographers this term should not be used. 
